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(54) Surface acoustic wave devices 

(57) The invention is intended to present a surface 
acoustic wave device capable of preventing spreading 
of insulating resin and reducing in size. 

The constitution comprises a multi-layer substrate 
possessing input and output electrodes and grounding 
electrode on the mounting surface side of a dielectric 
layer, and possessing an outer electrode on the other 
surface of said electric layer, with said input and output 
electrodes and grounding electrode connected electri- 
cally with the outer electrode respectively, a surface 
acoustic wave element mounting a principal surface 
forming an electrode pad and comb-shaped electrode 
by face-down method, a metal bump applying a conduc- 
tive resin on said electrode pad, and an insulating resin 
formed on the periphery of the metal bump, wherein 
said input and output electrodes, grounding electrode 
and surface acoustic wave element are electrically con- 
nected through the metal bump respectively, and a 
guard layer shorter in height than the surface acoustic 
wave element is formed outside of the surface acoustic 
wave element, on the mounting surface side of said 
multi-layer substrate. 
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Description 

Background of the Invention 

Held of the Invention 

The present invention relates to a surface acoustic 
wave device, and more particularly to a packing struc- 
ture of surface acoustic wave device mounting surface 
acoustic wave elements by face-down method. 

Description of the Prior Art 

Along with the advancement of mobile communica- 
tion technology, the demand is becoming stricter for 
el ctric characteristics and downsizing of surface 
acoustic wave devices used as Interstage fitters and 
antenna filters for transmission and reception in various 
mobile communication apparatuses. 

As an effective method for downsizing the surface 
acoustic wave devices, the face-down mounting method 
is known. In the face-down mounting method, the func- 
tional surface of elements and circuit board are set face 
to face, and both are connected electrically and 
mechanically by conductive bumps or the like, and 
bonding wire is not necessary, which is a major feature 
thereof. 

However, since surface acoustic waves propagate 
on the functional surface of the surface acoustic wave 
el ment, it requires a space not blocking propagation of 
surface elastic waves near the functional surface. 
Besides, the piezoelectric substrate used in surface 
acoustic wave elements is generally high in pyroelec- 
tricity, and therefore when the operating frequency 
becomes high, the line width of the comb-shaped elec- 
trode of the surface acoustic waves becomes about 0.5 
jim to about 1 um, and hence the comb-shaped elec- 
trode may be broken due to temperature changes in the 
process such as forming of conductive bump and pyro- 
electricity of the piezoelectric substrate. It was therefore 
necessary to consider the intrinsic problem of surface 
acoustic wave elements. 

Fig. 8(a) is a sectional view of a surface acoustic 
wave device in a conventional example, and Fig. 8 (b) 
shows its top view. 

In the diagram, reference numeral 31 is a multi- 
layer substrate, 32 is a dielectric layer, 33 shows input 
and output electrodes, 34 is a grounding electrode, 35 is 
an outer electrode, 36 is a via hole, 37 is a metal bump, 
38 is a conductive resin, 39 is an insulating resin, 40 is 
a surface acoustic wave element, 41 is an electrode 
pad, 42 is a comb-shaped electrode, 43 is a metal cap, 
and 44 is solder. 

The surface acoustic wave device thus constituted 
is described below. In the surface acoustic wave ele- 
ment 40, the electrode pad 41 and comb-shaped elec- 
trod 42 are formed. The metal bump 37 made of gold 
or aluminum is formed on the electrod pad 41, and the 
conductive resin 38 is transferred and applied on its tip. 



The surface acoustic wave element 40, and the multi- 
layer substrate 31 forming the input and output elec- 
trodes 33 and grounding electrode 34 at the principal 
surface side of the dielectric layer 32 are set face to 

5 face, and are positioned, and then the surface acoustic 
wave element 40 is mounted. By heating and curing the 
conductive resin 38, the surface acoustic wave element 
40 is affixed to the multi-layer substrate 31 , thereby con- 
necting electrically and mechanically. Furthermore, 

10 around the surface acoustic wave element 40, the insu- 
lating resin 39 adjusted to a high viscosity was injected, 
heated and cured, and the adhesive strength of the sur- 
face acoustic wave element 40 and the multi-layer sub- 
strate 31 was reinforced. Moreover, the input and output 

is electrodes 33 and grounding electrode 34 were electri- 
cally connected with the outer electrode 35 through the 
via hole 36, and the metal cap 43 was adhered with the 
grounding electrode 34 with solder 44, thereby sealing 
airtight. By this method, it is possible to hold a space 

20 around the comb-shaped electrode 42 of the surface 
acoustic wave element 40, and problems such as 
breakage of the comb-shaped electrode 42 of the sur- 
face acoustic wave element 40 in the process were 
solved. 

25 However, in this constitution, since the multi-layer 
substrate 31 was flat, the insulating resin 39 spread 
widely. Therefore, to seal airtight with the metal cap 43, 
it was necessary to widen the interval between the 
metal cap 43 and surface acoustic wave element 40, 

30 and it was hard to reduce the size. 

To solve this problem, Fig. 9 (a) shows a sectional 
view of surface acoustic wave device in other prior art, 
and Fig. 9 (b) shows its top view. 

In the diagram, reference numeral 45 denotes a 

35 grounding electrode, 46 is an outer terminal, and others 
same as in Fig. 8 (a) and (b) are identified with same 
reference numerals. 

In the surface acoustic wave device thus consti- 
tuted, the grounding electrode 45 is electrically con- 

40 nected to the outer electrode 35 through the outer 
terminal 46, and the multi-layer substrate 31 is changed 
from the flat type to a recess type taller in height than 
the surface acoustic wave element 40, and others are 
same as in the constitution in Fig. 8. 

45 In such constitution, since the multi-layer substrate 
31 is of recess type, spreading of the insulating resin 39 
can be prevented, but the space must be held around 
the comb-shaped electrode 42 of the surface acoustic 
wave element 40, and therefore the viscosity of the 

so insulating resin 39 must be heightened. In such a case, 
when the gap S between the surface acoustic wave ele- 
ment 40 and the multi-layer substrate 31 is narrow, 
since the multi-layer substrate 31 is of recess type taller 
than the surface acoustic wave element 40, it is hard to 

55 inject insulating resin 39, and the insulating resin 39 
does not permeate up to the periphery of the metal 
bump 37. and the adhesive strength cannot be rein- 
forced. Accordingly, to permeate the insulating resin 39 
nearly to the periphery of the metal bump 37, it is 
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required to widen the gap S between the surface acous- 
tic wave element 40 and the multi-layer substrate 31. 
and, as a result, it was hard to reduce the size. 

Summary of the Inv ntion s 

It is hence an object of the invention to present a 
surface acoustic wave device capable of reducing the 
size, while preventing the insulating resin from spread- 
ing, w 

To achieve the object, the surface acoustic wave 
device of the invention comprises a multi-layer substrate 
possessing input and output electrodes and grounding 
electrode on the mounting surface side of a dielectric 
layer, and possessing an outer electrode on the other 75 
surface of said dielectric layer, with said input and out- 
put electrodes and grounding electrode oonnected elec- 
trically with the outer electrode respectively, a surface 
acoustic wave element mounting a principal surface 
forming an electrode pad and comb-shaped electrode 20 
by face-down method, a metal bump applying a conduc- 
tive resin on said electrode pad, and an insulating resin 
formed on the periphery of the metal bump, wherein 
said input and output electrodes, grounding electrode 
and surface acoustic wave element are electrically con- 2s 
nected through the metal bump respectively, and a 
guard layer shorter in height than the surface acoustic 
wave element is formed outside of the surface acoustic 
wave element on the mounting surface side of said 
multi-layer substrate. 30 

In such constitution, spreading of the insulating 
resin can be prevented, and since the guard layer is 
shorter in height than the surface acoustic wave ele- 
ment, it is easier to inject the insulating resin, and there- 
fore if the gap of the surface acoustic wave element and 35 
the mufti-layer substrate is narrow, the insulating resin 
permeates closely to the metal bump, so that the sur- 
face acoustic wave element may be reduced in size. 

Brief Description of the Drawings 40 

Fig. 1 (a) is a sectional view of a surface acoustic 
wave device in a first embodiment of the invention, 
and (b) is its top view; 

Fig. 2 (a) is a sectional view of a surface acoustic 45 
wave device in a second embodiment of the inven- 
tion, and (b) is its top view; 
Fig. 3 (a) is a sectional view of a surface acoustic 
wave device in a third embodiment of the invention, 
(b) is its top view, and (c) is a top view of the tunc- so 
tional surface of a surface acoustic wave element of 
the device; 

Fig. 4 (a) is a sectional view of a surface acoustic 
wave device in a fourth embodiment of the inven- 
tion, (b) is its top view, and (c) is a top view of the 55 
functional surface of a surface acoustic wave ele- 
ment of th device; 

Fig. 5 (a) is a sectional view of a surfac acoustic 
wave device in a fifth embodiment of the invention, 



(b) is its top view, and (c) is a top view of the func- 
tional surface of a surface acoustic wave element of 
the device; 

Fig. 6 (a) is a sectional view of a surface acoustic 
wave device in a sixth embodiment of the invention, 
and (b) is its top view; 

Fig. 7 (a) is a sectional view of a surface acoustic 
wave device in a seventh embodiment of the inven- 
tion, and (b) is its top view; 
Fig. 8 (a) is a sectional view of a surface acoustic 
wave device in a prior art and (b) is its top view; 
and 

Fig. 9 (a) is a sectional view of a surface acoustic 
wave device in other prior art and (b) is its top view. 

Detailed Description of the Invention 

(Embodiment 1) 

Referring now to the drawing, the first embodiment 
of the invention is described in detail below. Fig. 1 (a) is 
a sectional view of a surface acoustic wave device in the 
first embodiment of the invention, and Fig. 1 (b) is its top 
view. 

In the diagram, reference numeral 1 is a multi-layer 
substrate, 2, 3 are dielectric layers, 4 shows input and 
output electrodes, 5, 6 are grounding electrodes, 7 is an 
outer electrode, 8 is an outer terminal, 9, 10 are via 
holes. 11 is a metal bump, 12 is a conductive resin, 13 
is an insulating resin, 14 is a surface acoustic wave ele- 
ment 15 is an electrode pad, 16 is a comb-shaped elec- 
trode. 17 is a metal cap, and 18 is solder. 

Trie surface acoustic wave device thus constituted 
is described in detail. The multi-layer substrate 1 is com- 
posed of. in this embodiment dielectric layers 2, 3 made 
of low temperature baking material that can be baked 
below 1000°C. On the principal surface side of the die- 
lectric layer 2 in a green sheet form having the via holes 
9. 10, the input and output electrodes 4 and grounding 
electrode 5 are printed by electrode paste, and the 
grounding electrode 6 is printed by electrode paste to 
the principal surface side of the dielectric layer 3 of the 
green sheet form for forming a recess. From above, 
moreover, the dielectric layer 3 and dielectric layer 2 are 
laminated sequentially, and baked at 900°C. Conse- 
quently, by printing the outer electrode 7 by electrode 
paste, the outer terminal 8 is applied or printed and 
baked by electrode paste, and nickel/gold plating is 
applied. In this way, the outer electrode 7 is electrically 
connected to the input and output electrodes 4 through 
the via hole 9. to the grounding electrode 5 through the 
via hole 10, and to the grounding electrode 6 through 
the outer terminal 8. In this embodiment, moreover, an 
electrode paste of Ag derivative is used as the electrode 
paste of the input and output electrodes 4, grounding 
electrodes 5, 6, outer electrode 7, and outer terminal 8. 

On the other hand, the surface acoustic wav ele- 
ment 14 in this embodiment is made of 36° Y-X lithium 
tarrtalate. and by the conventional photolithographic 
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technique, the electrode pad 15 and comb-shaped elec- 
trode 16 made of metal mainly composed of aluminum 
are formed on one principal surface side of the piezoe- 
lectric substrate, thereby forming a surface acoustic 
wave filter. Next, the metal bump 1 1 is formed on the 
electrode pad 15 of the surface acoustic wave element 
14 by using a gold wire, and the famed metal bump is 
adjusted to a uniform height and the conductive resin 
12 is transferred to the front end of the metal bump 1 1 . 
In this embodiment as the conductive resin 12, a ther- 
moplastic conductive resin containing Ag-Pd alloy parti- 
cles is used. 

By positioning the input and output electrodes 4 
and grounding electrode 5 of the multi-layer substrate 1 , 
and the metal bump 1 1 formed on the surface acoustic 
wave element 14, the conductive resin 12 is cured to 
connect eSectrica!!y and mechanically. Moreover, the 
thermosetting insulating resin 13 adjusted to a high vis- 
cosity is injected around the surface acoustic wave ele- 
ment 14 from between the surface acoustic wave 
element 14 and multi-layer substrate 1 . so that a space 
may be held around the comb-shaped electrode 16, and 
by curing the adhesion strength of the surface acoustic 
wave element 14 and multi-layer substrate 1 is rein- 
forced. Besides, by adhering the metal cap 17 with the 
grounding electrode 6 and solder 18, airtight sealing is 
maintained. 

The surface acoustic wave device in the first 
embodiment thus constituted possesses a guard layer 
by the dielectric layer 3. and is capable of preventing 
spreading of the insulating resin 13. Moreover, since the 
height of the guard layer is lower than the height of the 
surface acoustic wave element 14, if the gap between 
the surface acoustic wave element 14 and the guard 
layer is narrow, the insulating resin 13 of high viscosity 
can be easily injected to the periphery of the metal 
bump 11, and the adhesion strength of the surface 
acoustic wave element 14 and multi-layer substrate 1 
can be obtained, so that the surface acoustic wave 
device can be reduced in size, thereby obtaining an 
ultra-small surface acoustic wave device of 2.5 mm x 
2.8 mm x 1.5 mm. 

Incidentally, each one of the dielectric layers 2, 3 for 
composing the mufti-layer substrate 1 may be also 
made of plural layers, respectively. 

(Embodiment 2) 

A second embodiment of the invention is described 
below by referring to the drawing. Fig. 2 (a) is a sec- 
ti nal view of a surface acoustic wave device in the sec- 
ond embodiment of the invention, and Fig. 2 (b) is its top 
view. 

In the diagram, reference numeral 19 denotes a 
metal ring, 20 is a high temperature solder, and others 
same as in Fig. 1 (a) and (b) are identified with same 
reference numerals. 

The surface acoustic wave devic thus constituted 
is described below. The mufti-layer substrate 1 is made 



of a dielectric layer 2, and input and output electrodes 4 
and grounding electrode 5 are printed by electrode 
paste to the principal surface sid of the dielectric layer 
2 in a green sheet form having via holes 9 and 1 0. Con- 

5 sequentfy, baking at 900°C, the outer electrode 7 and 
outer terminal 8 are formed in the method shown in the 
first embodiment Then, the metal ring 19 is adhered to 
the grounding electrode 5 with the high temperature sol- 
der 20, and a guard ring made of metal ring 19 is 

w formed. On such multi-layer substrate 1, by mounting 
the surface acoustic wave element 14 in the method 
shown in the first embodiment an ultra-small surface 
acoustic wave device can be obtained same as in the 
first embodiment. 

15 The surface acoustic wave device in the second 
embodiment constitution in this way has the same 
action and effect as the surface acoustic wave device in 
the first embodiment 

Incidentally, the high temperature solder 20 may be 

20 only high in working temperature than the solder 1 8 for 
adhering the metal cap 17 and ground ng electrode 6, 
and, for example, an Au/Sn alloy may be used. The die- 
lectric layer 2 for composing the multi-layer substrate 1 
may be also provided in plural layers. 

25 

(Embodiment 3) 

A third embodiment of the invention is described 
below while referring to the drawing. Fig. 3 (a) is a sec- 

30 tional view of a surface acoustic wave device in the third 
embodiment of the invention, Fig. 3 (b) is its top view, 
and Fig. 3 (c) is a top view of the functional surface of 
the surface acoustic wave element thereof. 

In the diagram, those same as in Fig. 1 (a) and (b) 

35 are identified with same reference numerals. 

The surface acoustic wave device thus constituted 
is described below. The metal bump 1 1 formed in the 
electrode pad 15 of the surface acoustic wave element 
14 is formed only on two confronting sides as shown in 

40 Fig. 3 (c). The insulating resin 1 3 is injected only on two 
sides where the metal bump 1 1 is formed, and therefore 
the adhesion strength of the surface acoustic wave ele- 
ment 14 and mufti-layer substrate 1 is reinforced. 
Besides, constitution of the multi-layer substrate 1 and 

45 mounting of the surface acoustic wave element 14 are 
same as in the method shown in the first embodiment, 
and an ultra-small surface acoustic wave device can be 
obtained. In this embodiment, the metal bump 11 is 
formed on two confronting sides in the longitudinal 

so direction of the surface acoustic wave element 1 4. 

In the surface acoustic wave device of the third 
embodiment thus constituted, since the metal bump 1 1 
is disposed only on two confronting sides of the surface 
acoustic wave element 14, the insulating resin 13 for 

55 reinforcing the adhesion strength of the surface acoustic 
wave element 14 and multi-layer substrate 1 is also 
injected only in two sides on which th metal bump 1 1 is 
disposed. Hence, it is not necessary to keep a clear- 
ance between the multi-layer substrate 1 and the sur- 
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face acoustic wave element 1 4 on two confronting sides 
in which the insulating resin 13 is not injected, so that 
the surface acoustic wave device of a smaller size than 
the surface acoustic wave device shown in the first 
embodiment may be obtained. Besides, the same 
action and effect as in the surface acoustic wave device 
of the first embodiment are obtained. 

If the insulating resin 13 is injected in two sides, 
there is no effect on the frequency characteristic and 
reliability of the surface acoustic wave device, and there 
is no problem. As the constitution of the multi-layer sub- 
strate 1 , in this embodiment, the multi-layer substrate as 
shown in the first embodiment is used, but the multi- 
layer substrate as shown in the second embodiment 
may be also used. 

(Embodinrieni 4) 

A fourth embodiment of the invention is described 
below while referring to the drawing. Fig. 4 (a) is a sec- 
tional view of a surface acoustic wave device in the 
fourth embodiment of the invention, Fig. 4 (b) is its top 
view, and Fig. 4 (c) is a top view of the functional surface 
of the surface acoustic wave element thereof. 

In the diagram, those same as in Fig. 1 (a) and (b) 
are identified with same reference numerals. 

The surface acoustic wave device thus constituted 
is described below. The metal bump 11 formed in the 
electrode pad 15 of the surface acoustic wave element 
14 is formed only on two confronting sides as shown in 
Fig. 4 (c), and two rows are formed alternately each on 
one side. The insulating resin 13 is injected only on two 
sides where the metal bump 1 1 is formed, and therefore 
the adhesion strength of the surface acoustic wave ele- 
ment 14 and multi-layer substrate 1 is reinforced. 
Besides, constitution of the mufti-layer substrate 1 and 
mounting of the surface acoustic wave element 14 are 
same as in the method shown in the first embodiment 
and an ultra-small surface acoustic wave device can be 
obtained. In this embodiment, same as in the third 
embodiment, the metal bump 1 1 is formed on two con- 
fronting sides in the longitudinal direction of the surface 
acoustic wave element 14. 

In the surface acoustic wave device of the fourth 
embodiment thus constituted, since the metal bump 1 1 
is formed alternately in two rows each on each side of 
the metal bump 11, the insulating resin 13 hardly gets 
into the comb-shaped electrode 16 formed in the sur- 
face acoustic wave element 14, and it is easier to main- 
tain the space around the comb-shaped electrode 16. 
Therefore, the degree of freedom of adjustment of vis- 
cosity of the insulating resin 13 having been adjusted to 
high viscosity is wide, and it is easier to adjust the vis- 
cosity. Besides, the same action and effect as in the sur- 
face acoustic wave device of the first and third 
embodiments are obtained. 

Meanwhil , same as in the third embodiment, if the 
insulating resin 13 is injected in two sides, th re is no 
effect on the frequency characteristic and reliability of 



the surface acoustic wave device, and there is no prob- 
lem. As the constitution of the multi-layer substrate 1 , in 
this embodiment, the mufti-layer substrate as shown in 
the first embodiment is used, but the mufti-layer sub- 
5 strate as shown in the second embodiment may be also 
used. 

(Embodiment 5) 

w A fifth embodiment of the invention is described 
below while referring to the drawing. Fig. 5 (a) is a sec- 
tional view of a surface acoustic wave device in the fifth 
embodiment of the invention, Fig. 5 (b) is its top view, 
and Fig. 5 (c) is a top view of the functional surface of 

is the surface acoustic wave element thereof. 

In the diagram, reference numeral 21 is a second 
guard layer made of sound absorbing material, and oth- 
ers same as in Fig. 1 (a) and (b) are identified with same 
reference numerals. 

20 The surface acoustic wave device thus constituted 
is described below. On the electrode pad 15 of the sur- 
face acoustic wave element 14, the sound absorbing 
material 21 is printed or applied, heated and cured, and 
the metal bump 1 1 is formed outside the second guard 

25 layer 21 made of sound absorbing material. Besides, by 
the constitution of the multi-layer substrate 1 and 
mounting of the surface acoustic wave element 14 
same as in the method shown in the first embodiment, 
an ultra-small surface acoustic wave device can be 

30 obtained. 

In the surface acoustic wave device of the fifth 
embodiment thus constituted, since the second guard 
layer 21 made of sound absorbing material is provided 
between the comb-shaped electrode 16 of the surface 

35 acoustic wave element 1 4 and metal bump 1 1 , the insu- 
lating resin 13 hardly gets into the comb-shaped elec- 
trode 16 formed in the surface acoustic wave element 
14, and it is easier to maintain the space around the 
comb-shaped electrode 16. Therefore, the degree of 

40 freedom of adjustment of viscosity of the insulating resin 
13 having been adjusted to high viscosity is wide, and it 
is easier to adjust the viscosity. Besides, the same 
action and effect as in the surface acoustic wave device 
of the first embodiment are obtained. 

45 Meanwhile, the second guard layer 21 made of 
sound absorbing material is provided on the whole cir- 
cumference of the surface acoustic wave element 14, 
but when applied in the third and fourth embodiments, 
the second guard layer 21 made of sound absorbing 

so material may be disposed only on two sides on which 
the metal bump 11 is disposed, so that the action and 
effect are same as in this embodiment As the constitu- 
tion of the mufti-layer substrate 1 , in this embodiment, 
the multi-layer substrate as shown in the first embodi- 

55 ment is used, but the multi-layer substrate as shown in 
the second embodiment may be also used. 
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(Embodiment 6) 

A sixth embodiment of the invention is described 
below by referring to the drawing. Fig. 6 (a) is a sec- 
tional view of a surface acoustic wave device in the sixth 5 
embodiment of the invention, and Fig. 6 (b) is its top 
view. 

In the drawing, reference numeral 22 is a grounding 
electrode layer, and others same as in Fig. 1 (a) and (b) 
are identified with same reference numerals. 

The surface acoustic wave device thus constituted 
is described below. The multi-layer substrate 1 in this 
embodiment is composed of dielectric layers 2, 3 made 
of low temperature baking material that can be baked at 
1 000°C or less, and the dielectric layer 2 is composed of 
plural layers 2-1 and 2-2. On the principal surface side 
of tire dielectric layer 2-1 in green sheet ferrrvhaving via 
holes 9 and 10, input and output electrodes 4 and 
grounding electrode 5 are printed by electrode paste, on 
the principal surface side of the dielectric layer 2-2 in 
green sheet form having via holes 9 and 10, the ground- 
ing electrode layer 22 is printed by electrode paste, and 
on the principal surface side of the dielectric layer 3 in 
green sheet form having a recess, the grounding elec- 
trode 6 is printed by electrode paste. The dielectric layer 
3, dielectric layer 2-1, and dielectric layer 2-2 are lami- 
nated sequentially from the top, and baked at 900°C. 
The outer electrode 7 and outer terminal 8 are formed in 
the method shown in the first embodiment Thus, the 
outer electrode 7 is electrically connected with the input 
and output electrodes 4 through the via hole 9, with the 
grounding electrode 5 and grounding electrode layer 22 
through the via hole 10, and with the grounding elec- 
trode 6 through the outer terminal 8. In the via hole 9, in 
the area intersecting with the grounding electrode layer 
22, contacting with the grounding electrode layer 22 is 
avoided. By mounting the surface acoustic wave ele- 
ment 14 on such mufti-layer substrate 1 by the method 
shown in the first embodiment, an ultra-small surface 
acoustic wave device as in the first embodiment can be 
obtained. 

In the surface acoustic wave device of the sixth 
embodiment thus constituted, since the grounding elec- 
trode layer 22 is provided in the multi-layer substrate 1, 
external electromagnetic effects can be shut off, and a 
favorable frequency characteristic can be obtained. 
Besides, the same action and effect as in the surface 
acoustic wave device of the first embodiment are 
brought about. 

In the embodiment, as the multi-layer substrate 1, so 
the guard layer by the dielectric layer shown in the first 
embodiment is used, but the guard layer by metal ring 
shown in the second embodiment may be also used, or 
it may be also applied in the third, fourth and fifth 
embodiments. ss 



(Seventh embodiment) 

A seventh embodiment of the invention is described 
below by referring to th drawing. Fig. 7 (a) is a sec- 
tional view of a surface acoustic wave device in the sev- 
enth embodiment of the invention, and Fig. 7 (b) is its 
top view. 

In the drawing, reference numeral 23 is a matching 
circuit unit and 24 and 25 are grounding electrode lay- 
ers, and others same as in Fig. 1 (a) and (b) are identi- 
fied with same reference numerals. 

The surface acoustic wave device thus constituted 
is described below. The multi-layer substrate 1 in this 
embodiment is composed of dielectric layers 2, 3 made 
of low temperature baking material that can be baked at 
1 000°C or less, and the dielectric layer 2 is composed of 
plura! layers .2-1, 2-2, 2-3 : 2-4. On the principal surface 
side of the dielectric layer 2-1 in green sheet form hav- 
ing via holes 9 and 10, input and output electrodes 4 
and grounding electrodes 5 are printed by electrode 
paste, on the principal surface side of the dielectric lay- 
ers 2-2 and 2-4 in green sheet form having via holes 9 
and 10, grounding electrode layers 24 and 25 are 
printed by electrode paste, on the principal surface side 
of the dielectric layer 2-3 in green sheet form having via 
holes 9 and 10, strip lines and capacitor electrode for 
composing the matching circuit unit 23 are printed by 
electrode paste, and on the principal surface side of the 
dielectric layer 3 in green sheet form for forming a 
recess, the grounding electrode 6 is printed by elec- 
trode paste. The dielectric layer 3, dielectric layer 2-1, 
dielectric layer 2-2, dielectric layer 2-3 and dielectric 
layer 2-4 are laminated sequentially from the top, and 
baked at 900°C. The outer electrode 7 and outer termi- 
nal 8 are formed by the method shown in the first 
embodiment In this way, the outer electrode 7 is electri- 
cally connected with the input and output electrodes 4 
through the via hole 9, with the grounding electrode 5 
and grounding electrode layers 24 and 25 through the 
via hole 10, and with the grounding electrode 6 through 
the outer terminal 8, and the matching circuit unit 23 is 
electrically connected with the input and output elec- 
trodes 4 and outer electrode 7 through the via hole 9. In 
the via hole 9, in the area intersecting with the ground- 
ing electrode layers 24 and 25, contacting with the 
grounding electrode layers 24 and 25 is avoided. On 
such multi-layer substrate 1, by mounting the surface 
acoustic wave element 14 in the method shown in the 
first electrode, an ultra-small surface acoustic wave 
device same as in the first embodiment can be 
obtained. 

In the surface acoustic wave device in the seventh 
embodiment thus stituted, two grounding electrode lay- 
ers 24 and 25 are formed in different layers in the multi- 
layer substrate 1, and the matching circuit unit 23 is 
forme between them through the dielectric layer. 
Accordingly, if the input and output impedance of the 
surface acoustic wave element 14 differs from the 
impedance of the outer circuit, for example, by properly 
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selecting the dimensions of the strip lines and the 
capacitor electrode of the matching circuit unit 23, for 
the surface acoustic wave filter for intermediate fre- 
quency band used in mobile communication appliance, 
th impedances can be matched, and therefore the size 5 
is reduced significantly as compared with the conven- 
tional matching circuit unit formed on the circuit sub- 
strate. Moreover, external electromagnetic effects can 
be shut off by the grounding electrode layers 24 and 25, 
and excellent frequency characteristics are obtained in w 
both surface acoustic wave element and matching cir- 
cuit unit. Besides, the same action and effect as in the 
surface acoustic wave device of the first embodiment 
are provided. 

In the embodiment, as the multi-layer substrate, the 15 
guard layer by dielectric layer shown in the first embod- 
iment is used, but the guard layer by memJTing shown in 
the second embodiment may be used, or it may be 
applied in the third, fourth and fifth embodiments. 

Thus, in the first, second, third, fourth, fifth, sixth 20 
and seventh embodiments, lithium tantalate is used as 
the piezoelectric substrate of the surface acoustic wave 
element, but lithium niobate, lithium borate, or rock crys- 
tal may be used. As the metal bump, instead of gold 
used herein, aluminum may be also used. As the elec- 25 
trode paste used in the strip lines and capacitor elec- 
trodes for composing the input and output electrodes, 
grounding electrode, outer electrode, outer terminal, 
grounding electrode layer, and matching circuit unit Ag 
compound electrode paste is used, but Cu compound 30 
electrode paste may be also used. The dielectric mate- 
rial for composing the multi-layer substrate, an low tem- 
perature baking material that can be baked at 1000°C 
may be used, and for example, materials of alumina 
glass compound may be used. 35 



electrically connected with said surface acous- 
tic wave element through said metal bump, and 
a guard layer shorter in height than the surfac 
acoustic wave element is formed outside of the 
surface acoustic wave element, on the mount- 
ing surface side of said multi-layer substrate. 

2. A surface acoustic wave device of claim 1 , wherein 
the piezoelectric substrate for composing the sur- 
face acoustic wave element is at least one selected 
from the groip consisting of lithium tantalate, lith- 
ium niobate, lithium borate, and rock crystal. 

3. A surface acoustic wave device of claim 1 , wherein 
the metal bump is made of gold or aluminum. 

4. A surfece^coustic wave device of claim 1 . wherein 
the guard layer is made of the same dielectric mate- 
rial as the dielectric layer for composing the multi- 
layer substrate. 

5. A surface acoustic wave device of claim 1 or 4, 
wherein the material of the dielectric for composing 
the mufti-layer substrate is a low temperature bak- 
ing material that can be baked at 1000°C or less, 
and the conductors for composing the input and 
output electrodes, grounding electrode, and outer 
electrode are made of silver compound or copper 
compound. 

6. A surface acoustic wave device of claim 1 , wherein 
the guard layer is made of a metal ring, and the 
guard layer is electrically connected with the 
grounding electrode, and not electrically connected 
with the input and output electrodes. 



Claims 

1 . A surface acoustic wave device comprising: 

40 

a multi-layer substrate possessing input and 
output electrodes and grounding electrode on 
the mounting surface side of a dielectric layer, 
and possessing an outer electrode on the other 
surface of said dielectric layer, with said input 45 
and output electrodes and grounding electrode 
connected electrically with the outer electrode 
respectively, 

a surface acoustic wave element mounting a 

principal surface forming an electrode pad and so 

comb-shaped electrode on said multi-layer 

substrate by face-down method. 

a metal bump applying a conductive resin, 

being formed on said electrode pad, and 

an insulating resin formed on the periphery of ss 

the metal bump, 

wherein said input and output electrodes and 
grounding lectrode of said dielectric layer are 



7. A surface acoustic wave device of claim 1 , wherein 
the metal bump is disposed on two confronting 
sides of the principal surface of the surface acoustic 
wave element. 

8. A surface acoustic wave device of claim 7, wherein 
the metal bumps disposed on two confronting sides 
of the principal surface of the surface acoustic wave 
element are disposed alternately by two rows each 
on each side. 

9. A surface acoustic wave device of claim 1 , wherein 
a second guard layer is formed on the principal sur- 
face of the surface acoustic wave element so as to 
be positioned between the metal bump and comb- 
shaped electrode. 

1 a A surface acoustic wave device of claim 9. wherein 
the second guard layer formed on the principal sur- 
face of the surface acoustic wave element is made 
of a sound absorbing mat rial. 
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1 1 . A surface acoustic wave device of daim 1 , wherein 
the multi-layer substrate mounting the surface 
acoustic wave element is formed in plural layers, at 
least one grounding electrode layer is interposed in 
the plural-layer substrate, and the grounding elec- 5 
trade formed on the upper principal surface of the 
multi-layer substrate is electrically connected with 
said grounding electrode layer. 

1 2. A surface acoustic wave device of claim 1 , wherein 10 
the multi-layer substrate mounting the surface 
acoustic wave element is formed in a laminate 
structure of at least four layers, grounding electrode 
layers are formed on the principal surface side of 
the second layer and fourth layer from the top, a is 
matching circuit unit composed of strip lines and 
capacitor electrode is formed or. the principal sur- 
face side of the third layer from the top, and this 
matching circuit unit is electrically connected with 
the input and output electrodes formed on the prin- 20 
cipal surface of the first layer. 
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Fig. 1 




1. a oulti-lay r substrate 
2,3. dielectric layers 
4. input and output electrodes 
5,6. grounding electrodes 
\ 7. an outer electrode 
8. an outer teriinal 
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15. an electrode pad 

16. a coib-shaped electrode \ 

17. a metal cap 



18. solder 
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